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Some noteworthy features shown by soundings irade in the field of a 
depression originating in the north Bay of Bengal during the southwest monsoon 
season in India. 

BY 

N. K. sru AND S. YECNANABAYANAN. 

(Bereived on 6th S,cfi(mher 1940 and in revised fonn on 17ih Koremhef, 194o), 

Ahstrari. — I'he oint-f results obtained from meteorograph ascents made ujien a depression forriu d in 
the Bay of Bengal In July 1937 and moved through Orissa, the Oentral Provinei^s and (‘ust Haj]mtana are 
(i) that tin* tiopopause ovt*r ]ilaeeH lying ahead ol the central region of the depression on tin* ground 
waslifted up, but it appreciably lowered over the regionsin the immediate ne glihourlux d of the depies* 

sion as well as over the regions to the north of it ; (o) quick finctuations in the level of the tropo])aus0 

and m its struetnre were found to take ])laee after the lowest level was ri'aehed ; and {Hi) Very low tem- 
peratures viz. 183 - 5 ^ 1 80 - 5 ^ and 188 '" A were registered over some places afiPceted by it. 

1. Introduction. — In the southwest monsoon season in India depressions which 
develop in the Ihiy of Be iigal during duly and August tiavid gi'iit rally from east to 
west. In the prestmt paper some pt onliar features of the tin rmal structure of such a 
depression have been studied in some detail. 

2. Data.— The isobar. c ehart of 8 hrs. L.T. on the 10th July 1927 indicated that 
tlie weather was markedly nnsettk d off the Orissa-Circars coast. By the evening of 
the same day a depression had formed wdth central region near Lat. 19‘ N Long. 88'^E. 

' It crossed the coast between Puri anel Chandbali by 11 Ims. l.S.T. on the 11th July 
1937. It lay over the east Central Provinces on the morning of tlie 1 2th, over the wvsfc 
Oentral Provinces on the morning of the 13th and filled up near Kotah in east Raj- 
putana by the morning of the lltli. (See Fig. 4), 

For the synoptic situation on these dates the Indian Daily Weather Reports of 
July 1937 may be referred to. 

To study the structure of this depression meteorographs of the Dines tj^e w^em 
sent up from a number of places. The number of ascents at various places during the 
period of activity of the depression and the number of records re coven d are given in 
. Table 1, Tw'o liourly ascents were made only at Sambalpur on the 12tli July 1937. 
The data from these ascents have been published by the India Meteorological Depart- 
ment in the Upper Air Data, Vol. 10, Part B, 1937. 

Table I. 


Station. 

No. of 
ascents. 

No. of 
records 
recovered. 

Calcutta (Alipore) 




6 

1 

Gaya 





6 

3 

Allahabad . . 




9 

7 

Vizagapatam (Waltair) 




8 

1 

Sambalpur.. 




18 

7 

Jubbulpore 




9 

5 

Hyderabad (Deccan) 




5 

3 

Agra 



• • 

12 

6 

Jodhpur 



i 1 

8 

1 



Total 


i 81 

i 34 


The anu.qually low levels and temperatures of the tropopanses recortled in the present paper aro 
noteworthy although the reason for them is not clear. One souree of uncertainty is that in the Dines 
meteorographs sent up from Allahabad at 1800 hrs. on the 12th, from Sambalpurat 141.3 hrs. on the I2th 
and from Hyderabad at 10.50 hrs. on the 13th, there were largish zero-shifts of the pressure scale and 
although corrections have been made for these shifts in the same way as for smaller shifts, there is 
some uncertainty about them. 

Editor^ 
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3. Lowering of the tropopause.- In two previous papers^ by one of the authors it 
has been shown froui data of meteorograph soundings at Agra when two depressions 
movc^d from the Bay of Bc^ngal through the c( ntral parts of India in /lUgust 1929 and 
Bcptenibcir 1932 and rtaclK'd th(^ neighbourhood of Agra, there was a lowering of the 
tropopause over Agrii accompanii d by a rise of temperature in the low^er stra- 
tosphere. In these two cases the upper air over Agra was the outer (probably the 
outermost) region of the atmosphere affected by the respective depre ssions which 
had begun to fill up at the time of the soundings. In the present case soundings at 
dilierent places, and tluTcfore in the upper air differently affected by the depression, 
have been made. The soundings confirm the conclusions arrived at in the previous 
two papers. The results are as follows. (See Figs. 2 and 3). 

The curves forSambalpur show the fluctuations in the tropopause as the depres- 
sion moved we stwards. The ascent at 1200 hrs. on the 12th went up to only 105 mb 
(16-1 gkm). Though it cannot be fixed with certainty, it is ve ry probable that the 
level of the trop()])ause is at 15*9 gkm. (108 mbs). But the next asc( nt at 1413 hrs. 
shows that the tropopaus(^ has lowered to 14-35 gkm. The unmistakable perturba- 
tions in the levels near the tropopause shown by this record are apparently caused by 
the depression. 

The ascent at Allahabad at 1013 hrs. on the 12th [Fig, 3) gives the level of th© 
usual inversion at 100 mb (16*98 gkm). charactt^ristic of the tropopause in north India 
during the monsoon season ; but perturbations below that level at about 16 gkm. am 
clearly noticcuibh'. Tlie fluctuations in the tropopause as s( en from the series of as- 
cents at Allahabad are fairly similar to what occurred at Sarnbalpur. The a&c'.ent at 
1430 hrs. shows a low(‘ring of tlie trppopause to 16-33 gkm. The lowering is more 
strikijxg in the next ascent at ISOO hrs. The height of the tropopause as shown by this 
record viz. 14-1 gkm. (145 mbs) is unusually low for this season in north India. 

The ascent at Caya on tlie 1 2th July at 18 hrs. (Fig. 3) shows two rather mor 3 th in 
usually st'parated traces at ascent and descent. This n cord may at first sight be 
r(‘gar(i(*d as quite doiditful. The meteorogra])h which was sent up from Gaya was 
found just south of JicnaD^s at a distance of about 115 miles to the west c>f Gaya and 
tuily about 8(' miles to tlie east southeast of Allahabad. In one of the traces the level 
of tlie tropopausf' is at 15*74 gkrn. (112 mbs) and in the other at 13*67 gkm. (158 mbs). 
Th(‘ tra(3(; vvliich sliows the higher tropopause may be taken to correspond to the con- 
ditions of the atmosphere in the neighbourhood of Gaya and the etjur to those near 
Ih'uares. Considering that the ascent at Allahabad at about the same time indicated 
tin* level of the tropoj>ause at 14-1 gkm. the, height of 13-67 gkm. for the tropopause 
near Benares, a place nearer to Allalmbad than Gaya is quita possible. 

A few words here are necossarj^ regardirrg the accuracy of the data over Allahabad 
as obtaiiu d from the record of the ascent at 18hrs. on the r2th. The record sl.owi d a 
large zero shift of ])n ssure. Hence h is possibh* that the height of 14-1 gkm. for the 
tropopaiisi^ deduced from this record may be slightly in error ; but the occurrence of 
ilie low temjierature of IgS'^A need not be regarded as doubtful. A particle cf air 
from t1u‘ region of th<* tropopause which is at 13*67 gkm. and 200'^A as shown by one 
trace of tl.e Gaya record would have to bo raisi d adiabatically only to 14*85 gkm. to 
attain 188 W if no other j)lLysical process but adiabatic ascent alone was operating, 
i.e. only 0*75 gkm. Uglier than the level at which the same temperature occurred over 
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Allahabad. The occum^nce of tb^* superadialmtic lapse-rate jast bv^low the tropo- 
j>ausc ovvr .Ulahabad is also quit ^ probable as the Gaya trace with the lower tropo- 
I»ause also shows the sauio teature. Also, the occurrtnict* of superadiabatic. lapse 
rat 3s over north India in tiie soutliwest nioasoon season is not an unooininon feature 
as a number of n'cords over Agra and some over .\lipofe during this season show the 
s/imo. The possibility of both the records over Ga3^a and Allaiiabad being much iu 
error is tlu^ref )re a remote one. 

The occurrence of the superadiabatic lapse rates just below the level of tropo- 
pause cann ot be the result of aru" adiabatic process alone. If the Allahabad and Gaya 
records are phitted on any a('rologioal diagram one can ('asily see that the temp( raturos 
ill the tropo])aiiso as recorded by the two asc(‘nts cannot be the result of asc 'lit of air 
from ii:iv part of the troposphere over the two places. Hence the supiTadiabatic 
lapse- rates ami the ooourr('noe of low tenqieratures at the tropopause thc'refore 
point to cau es ot/.ier than cooling by adiabatic ascent of air. This is again referred 
to in a later s( ctioa. 

Tlie ascent at Hyderabad (Deccan) on the 13th at 1050 hrs. gives the height of th e 
tropopause at 15*4 gkm. (126 ml)s). Tropopaus'* over Hj^derabad has been occasiem- 
ally founrl in Ju^v at about this level. As tliis is the on y ascent penetrating into the 
strsiosphere during this d( piessicm it is not possible to say whether the kvc'l of the 
trojH>]niiise and the structure of the stratos})h(.*re wore afiVxted by the depression. 

Some of the records from the ascents at Jubbulpore which would have been im- 
portant for knowing the effect of tlie depression on the uppc'r air during its differr3nt 
stages of development have not been recovered. Consequently information n garding 
the th< rmal structure over the place ivS comparatively scanty. Of the available ones 
the ascents at 0206 and 1417 hrs. on tlie 12ih Ju y {Fig. 4) give the level of the tro- 
popaiise at 17*54 gkm. (80 mbs) and 17-5C gkrn. (80*5 mbs) respectively. On the 13th 
at 0606 hrs . the level of the tropopause w. s at 1 6*45 gkm. (103 mbs) . The changii in the 
structure of the tropopause^ as shown by this ascent as compared to the two on the 
previous day is noti<xnibIe, 

The n ccird of the asciiit at 1803 hrs. of th(‘ 17th July after the dopiession lias 
disappear d on tin* ground 'IlHS been n prodiicc d giving bol Ii the curves at asc(‘nt and 
descent. A n'cord sl.owing more than one upwaid and downward movement in the 
neigh boil rliood of thie trojxqiause as in tliis Ciise l .as not b(‘en obtained pri'viously in 
Iiiflia. AY]'.(3ther this is due to icing over the balloon or to soiiu^ wave like distuib- 
ance cannot be determined at present, 

Tliough a])parently the dejiressiOnh.ad fill(‘d up on the ground near Kotah in east 
Rajputana by tl.i* morning of th,i* ]4t]», its efh ct on the uj'per atmosphere over Agia 
even on subsequ( nt days is clearly s( en {Fig. 4). Over Agi’a the most common t\’pe 
of stratosphere during this season comim nces with a sharp inversion at about 16-5 to 
17 gkm. But in the four ascents k produced markid fluctuations in the tropopause 
sire notice al)le. Tin* asc('nt at 1800 hrs. on the Ibtli sh.ows a low tropojmuse at 15*2 
gkm. with a super-adiabatic lapse rate for about a krn. below this level. 

‘ 4. Listing up of the tropopause. — The record over Agra at 1^04 hrs. on the 13th 

July sh )ws a e .mp.iratively higli level of the inver^inji at the trop pause at 17*13 gkirj. 
A siniilar feature is met with over J irbbulp ne at 0206 hrs. on the 1 2t.h where the heigh. t 
of the trop »pause is at 17*52 gkm. At this time tlie eontral region of the depre.'^^sii n 
lav to the east of Jubbulpore. The heaving up iif tlie trop .pan f-e over plac es lyii g 
ahead of the depression is also sliown in the records over Sambalp ir, Jubbulp >r (3 ai d 
Allahabad reproduced in Fig. 5 (a, b and c). V. Bjerknes* and others have ex- 
plained the lifting up of the tropopause as due to the anticyclonic motioii of winds 
ahead of a depression. 
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5. Do the tropopanse and its neighbouring levels oscillate up and down ? — The 

recorclH at 0200 hrs. on the 13tli at Sambalpur, at 1200 hrs. on the 13th at Allahabad 
and at 0602 hrs. at Jnbbulpore obtained after the tropopause over these places 
reached its lowest level are significant. They show a much higher level of the tropo- 
pause than the ascents just previous to these. The raising of the tropopause after 
it has come down to its lowest level due to the effect of the depression is to be ex- 
pected when the depression moves away from the place or dies out as the tropopause 
tends to return to its normal level. But the records of the ascents subsequent to those 
mentioned above at Sambalpur and Allahabad show that the tropopause was again 
coming down. This indicates that a vertical oscillation of the tropopause and levels 
adjacent to it (both above and below) occurs due to the activity of the depression, 
causing exchange of momentum between these levels. 

6. Thermal structure in some meridional cross sections of the depression. 

(a) 06-11 hrs. on the 13th July 1937 ^ Allahabad- Juhhulpore-Hyderabad (Fig. 6a}. 

Up to 9 gkm. temperatures over Allahabad were higher than those over 

Jubbulpore and Hyderabad. This fits in with the normal relations of temperatures 
prevailing between the easterly branch of the monsoon over the Gangetic valley and 
the southwesterly branch over the Peninsula. Above 9 gkm. Allahabad had lower 
temperatures than those over the other two places. This is due to the continuance 
above 9 gkm of the low temperature and low tropopause conditions in the upper tro- 
posphere which prevailed at 18 hrs. the previous evening. In the case of the Hyder- 
abad record the temperature difference between the ascent and the descent traces were 
rather more than usual. The dotted lines in Fig. 6 show the isopleths taking account 
of the lower temperatures as given by one of the traces. In this case the temperatures 
over Hyderabad between 9*5 and 12*5 gkm. were practically the same as those over 
Allahabad but slightly lower than those over Jubbulpore. 

(b) 06 hrs. on 14th July 1937 — Allahahad-Jubhulpore-Hyderalad (Fig. 6b). 

The main features in this case are the lower temperatures level for level over 
Hyderabad than over the other two places and the occurrence of higher temperature* 
between 2 and 4*5 gkm, and between 7*5 and 16 gkm. over Jubbulpore than those over 
Allahabad. The latter is apparently due to heat being released by condensation. 
Due to the higher ground temperature over Allahabad, the temperatures of the layers 
of air up to 1*5 gkm. are higher over Allahabad than over Jubbulpore, 

7. Thermal structure 4n some zonal cross sections, 

(a) 18 hrs. on 12th July 1937 — Agra^ Allahabad-Gay a (Fig. 6c). 

The ascent at Agra unfortunately went up to only 7 gkm. 

A progressive increase of temperature from Gaya to Allahabad to Agra is noticed 
up to 7 gkm. and probably up to 8 • 5 gkm. though the easterly branch of the monsoon 
was over all the three places. The lower temperatures over Gaya and Allahabad than 
over Agra may have been caused by the admixture of air over these places wdth the air 
from the southwesterly branch of the monsoon brought in by the depression. The 
southwesterly branch normally has lower temperatures than the easterly branch up to 
about 16 gkm. 

Between 9 and 13 gkm. the opposite relation holds good between Allahabad and 
Qaya. This is evidently due to the greater fall of tempera fcure in the v pper troposphere 
ovet Allahabad than in the corresponding levels over Gaya. If the Gaya trace show- 
ing the lower tropopause alone is taken into consideration, the temperatures are 
very neerfy equal between 9*8 and 10*4 gkm* 
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(b'^, Cf-10 hrs. on 13th Jnly-Agra-Allohalad'-Alipore {Calcutta) {Fig, 6d.) 

This cross Boctioii again sliows a feature similar to tlie previous one viz, a pro- 
gressivo incmise) of tcn>peratiire level for level as we proceed from cast to west from 
0.‘i1eut,ta, except in tlie layer 2*4 gkm. whore Allahabad temperatures are nearly the 
£?amo or oven slightly higher than tliose oyer Agra. 

Talio 2 gives the saturation potential temperatures at 6*10 hrs. on the 13th at tho 
tlirce places. 

Table 2. 

Saturation Potential Temperatures ^A. 


Ht.Gkm. 

0 

1 

1 

1 

1 2 

3 

4 

5 

6 

7 

i 

8 

9 

Agra 

300 

301 

301 

i 300 

1 299 

299 

298 

n 

■ 

i .. 

Allahabad 

'► . 

i 

209 

300 

1 

300 

1 

300 

299 

299 

298 

298 

j 

298 

298 

Calcutta 

299-6 

296 

296 

1 

296 

296 

296 

297 

297 

297 

297 


The normal values of saturation j>ot.ential temperatures up to 9 gkm in the wester- 
ly branch of the monsoon is of tlic order of 295- '297°A and those in the easterly 
branch 297— 3()0'^A. Usually tlie easterly branch is predominant over Calcutta. 
But thr 3 saturation potential temperatures show that the westerly branch has pene- 
trated over the place liaving been brought in by the depression. The trajectories of. 
air up to 3 km. reaching Calcutta at 8 hrs. on the 13th also support this, 

(c) 0J-J2 hrs. on the J3th July Samlaljmr-Juhl/ulpore- Jodhpur {Fig, 6e). 

TIuinidity data are not available for the ascent at Jodhpur at 1165 hrs. on the 
13th July. A portion of the reeoid viz. that corresponding to the region 10-16 gkm. 
shows tlic two traces having more than the usual diflerence in temperatures. The 
traces seem to be satisfactory. One of the traces shows a superadiabatic lapse-rate 
between 12*8 and M *6gkni. and a lower level of the tropopause at 15-64 gl^. (the 
mean height from the two traces being 15-93 gkm.) 

The cross section Sambalpur-Jubbulpore-Jodbi)ur is roughly along the direction 
of movement of the depression. The depression lay over the west Central Provinces 
on the morning of the 13th July. At all levels from ground to 16 gkm. temperatures 
increase from Samba Ipur to Jubbulpore and from ground to 14-0 gkm. there is a 
further increase from Jubbulpore to Jcdlipur. Above 14 gkm Jodhpur temperatures 
are slightly lower than over Jubbulpore. Jf, however, we consider the trace of the 
Jodhpur ascent to which attention was drawn above, the region of lower temperatures 
would extend from 12 • 5 gkm. 

The foregoing statements regarding the distribution of temperatures over, 
Jodhpur in relation to that over the other two places would be true only if the tem- 
peratures at 6 hrs. on the 1 3th July over Jodhpur w'cre not very different from those at 
12 hrs. the same day ; whether this was so, it is not possible to say. 

The existence of higher temperatures over Jubbulpore and Jodlipur as compared 
to the temperatures over Sambalpur is due to the latter being in the westerly branch of 
the monsoon W’hile Jodhpur was affected by the easterly branch. Jubbulpore was 
also affected by the easterly branch. (This is supported by the data of saturation 
potential tempciatures not given here). 
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8. The occurrence ol low temperatures near the tropopause and superadiabatio 
lapse rates in the upper levels of the troposphere. — It is known that in the layers 10-14 
gkm. over Agra, adiabatic or siiperadiabatic lapse rates are extremely rare in winter. 
But in the monsoon season a good many records over Agia and a few over Calcutta 
and other places show adiabatic or superadiabatic lapse rates in these levels. 
Ananthakrishnan^ has suggested that this can bo explained as due to cooling by 
radiation of the layers between 12 and 14 gkm. in the manner first shown by 
F. Albrecht^ and referred to by V. Bjerknes and others^. 

It is also well known that during the south west monsoon season a region of high 
pressure exists over the Gaiigetic valley and to its noil h in the levels 8 to 18 gkm. 
Data of upper ^vinds at high levels recently collected by Venkitcshwaran® show 
that in July and August winds in the layer 10-14 gkm.wn'tliin this region of high pres- 
sure are decidedly weaker (speeds 10-20 in.p.h.) (‘ompared to winds at same levels in 
lower latitudes (40-50 m.p.h.). Gonse<uiently the elfocts of radiative cociing will Ix) 
more marked in the region of wmker winds within the regk n of high piessiire and it 
is possible that more cooling duo to radiation may result in such low' temperatures at 
these levels as found in the present case. Under the influence of the depression, the 
cooled air mass from tliis region of high pressiiio may either flow' tow ards the region 
alfceted by the depression along an isontrr>pic surface or suffer subsidence ; in the 
latter case with an increase of tempeiature. 

Palmon’ has shown that in the case of extra tropical cyclones Kibsidnig air 
masses are not found to be as warm as one would r"s:p(a t them to bo. Ue finds that 
air which had originally a temperature of— 55''( ’ desoeods approximately by 4 km. to a 
height of 5* 1 km, the low'er limit of the stratospliere, w'liccc the teiupciaturc instead of 
being — 15^'C is actually — Sff'C. He suggests that tliis cooliiig by ■ is duo to heat 
radiation. Refsdal® has shown that the effect of thifi cooling by radiation in the 
AJbrecht layer of air wdiich suffers subsidence due to cyclone activity is tx) force 
the tropopause to assume a lower level. 
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